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Validation of Geant4 Bremsstrahlung models:
first results
S. Chauvie, S. Guatelli, B. Mascialino, L. Pandola, M. G. Pia, P. Rodrigues, A. Trindade

Abstract— A project is in progress for a systematic, rigorous
validation of Geant4 electromagnetic physics. This paper
presents the first results concerning the validation of Geant4
Bremsstrahlung models against experimental data.
Index Terms— Geant4,
Bremsstrahlung, validation.
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I. INTRODUCTION

G

EANT4 [1], [2] is an object oriented toolkit for the
simulation of particle interactions with matter. It provides
advanced functionality for all the domains typical of detector
simulation: geometry and material modelling, description of
particle properties, physics processes, tracking, event and run
management, user interface and visualisation.
A peculiar feature of Geant4 is its wide physics coverage,
with the provision of an ample variety of models. A
systematic, rigorous validation of Geant4 physics models is
essential to evaluate their accuracy, which in turn determines
the reliability of user applications; a large-scale, long-term
project is in progress to document the validation of Geant4
electromagnetic models against experimental data: a first
study [3]addressed the cross section of photon processes and
charged particles ranges and stopping powers; this paper
concerns a study of Geant4 Bremsstrahlung models against
reference experimental data.
Different models for the simulation of the electron
Bremsstrahlung are available in Geant4 Standard and Low
Energy Electromagnetic packages.
The Low Energy Electromagnetic package [4] includes two
processes for the simulation of electron Bremsstrahlung:
G4LowEnergyBremsstrahlung [5], which is based on the
EEDL [6] Livermore Library for the calculation of cross
sections and provides three alternative angular distribution
models (2BN, 2BS and Tsai) [7], the last one equivalent to the
algorithm in GEANT 3 [8] and in Geant4 Standard
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Electromagnetic package), and G4PenelopeBremsstrahlung,
based on the physics models [9] originally developed for the
Penelope [10] Monte Carlo code.
The Standard Electromagnetic package includes one
process for electron Bremsstrahlung, G4eBremsstrahlung; its
novel implementation [11] of cross sections has copied the
approach originally devised by the Low Energy
Electromagnetic package, based on the EEDL data library; the
angular distribution is sampled according to a modified Tsai
algorithm.
II. METHOD OF THE STUDY
A wide account of experimental measurements of electron
Bremsstrahlung is available in literature, resulting from over
100 years of activity in this domain. Not all the available
experimental data are suitable for the validation of a Monte
Carlo simulation code: in some cases the reference
publications do not provide sufficient details on the
experimental set-up to reproduce it in the simulation with
adequate accuracy for a data comparison; in other cases,
especially concerning relatively old articles, the discussion of
the errors affecting the measurements is not articulated enough
for the purpose of the validation of simulation models.
The Bremsstrahlung experiments fall into two categories:
thin-target and thick-target. Thin-target Bremsstrahlung
concerns the radiation of a photon in the single collision of an
electron with an atom; experiments in this category typically
measure double differential cross sections. Thick-target
Bremsstrahlung involves a multiple interaction process,
concerning not only the radiation of a photon, but also a
significant energy loss of the electron in the target;
experiments of this type typically measure a yield.
A
systematic,
thorough
validation
of Geant4
Bremsstrahlung models is expected to be a complex, longterm project. This paper describes the first cycle of this study,
which focuses on the low energy range.
An initial set of reference experimental data [12]-[14] has
been considered for a first comparison with Geant4 simulation
distributions. For this purpose a Geant4-based simulation
application has been developed to reproduce the experimental
conditions: the set-up consists of an electron beam of variable
energy impinging on a slab of material of desired composition
and thickness; different Bremsstrahlung modeling options can
be selected in the simulation execution. The results of the
simulation are stored in AIDA [15] analysis objects for further
elaboration.

1511

III. FIRST RESULTS
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The double-differential cross sections concerning the
comparisons with [12] are shown in Fig. 1 to Fig. 10. The
agreement is in general satisfactory, especially considering
that the experimental errors discussed in [12] are significant in
some cases. It is worth noticing the great similarity of the
“Standard” and “Low Energy – Tsai” distributions: from the
respective references, it results that the two processes adopt
the same modeling approach, nevertheless they apparently
duplicate code implementations, instead of exploiting the
capabilities of the object oriented technology, which facilitates
the code reuse through established design techniques. It is
easily predictable that code duplication in a complex software
system like Geant4 will be the source of maintainability
problems in the future. The adoption of a more sound design
in the Geant4 electromagnetic domain would be desirable to
address the reuse of physics modeling functionality, at the
same time preserving Geant4 fundamental feature of physics
transparency.
Fig. 11 to Fig. 15 show the differential Bremsstrahlung
cross section resulting from 500 keV electrons impinging onto
an aluminum target
of thickness 0.548 g/cm2; the
corresponding experimental data are from [13]. The 2BN
angular distribution generator available in the Low Energy
Electromagnetic package exhibits the best agreement: in fact,
as documented in [7], this model is especially motivated by a
precise description of the Bremsstrahlung process at low
energies. The evident disagreement of the simulation results
activating the Low Energy – Penelope Bremsstrahlung should
be the object of further investigation.
The Low Energy – Penelope Bremsstrahlung process
provides, instead, results in good agreement with the data in
[14], as shown in Fig. 17.
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Fig. 1. Double differential Bremsstrahlung cross section as a function of the
photon energy; black circles are data in [12], crosses are Geant4 simulation
results.
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Fig. 2. Double differential Bremsstrahlung cross section as a function of the
photon energy; black circles are data in [12], crosses are Geant4 simulation
results.
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Fig. 3. Double differential Bremsstrahlung cross section as a function of the
photon energy; black circles are data in [12], crosses are Geant4 simulation
results.
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Fig. 8. Double differential Bremsstrahlung cross section as a function of the
photon energy; black circles are data in [12], crosses are Geant4 simulation
results.
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Fig. 5. Double differential Bremsstrahlung cross section as a function of the
photon energy; black circles are data in [12], crosses are Geant4 simulation
results.
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Fig. 7. Double differential Bremsstrahlung cross section as a function of the
photon energy; black circles are data in [12], crosses are Geant4 simulation
results.
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Fig. 4. Double differential Bremsstrahlung cross section as a function of the
photon energy; black circles are data in [12], crosses are Geant4 simulation
results.
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Fig. 6. Double differential Bremsstrahlung cross section as a function of the
photon energy; black circles are data in [12], crosses are Geant4 simulation
results.
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Fig. 9. Double differential Bremsstrahlung cross section as a function of the
photon energy; black circles are data in [12], crosses are Geant4 simulation
results.
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Fig. 10. Double differential Bremsstrahlung cross section as a function of the
photon energy; black circles are data in [12], crosses are Geant4 simulation
results.

Fig. 13. Differential Bremsstrahlung cross section; the red points are data in
[13] for an Al target, the black ones are Geant4 simulation results.

Fig. 11. Differential Bremsstrahlung cross section; the red points are data in
[13] for an Al target, the black ones are Geant4 simulation results.

Fig. 14. Differential Bremsstrahlung cross section; the red points are data in
[13] for an Al target, the black ones are Geant4 simulation results.

Fig. 12. Differential Bremsstrahlung cross section; the red points are data in
[13] for an Al target, the black ones are Geant4 simulation results.

Fig. 15. Differential Bremsstrahlung cross section; the red points are data in
[13] for an Al target, the black ones are Geant4 simulation results.
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Fig. 16 Differential Bremsstrahlung cross section; the red points are data in
[13], the black ones are Geant4 simulation results; the empty symbols
correspond to an Al target, the solid ones to a Fe target.

Fig. 17. Yield in eV radiated per sr per keV per incident electron scaled by Z
versus radiated photon energy; the dots are data in [14] for 70 keV electrons
hitting an Al target; the histogram is the Geant4 simulation with the Low
Energy Penelope Bremsstrahlung process.
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